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Introduction
Glaucoma is an optic neuropathy characterized by progressive damage of the retinal nerve fiber layer (RNFL) and the nerve head (ONH). It often precedes perimetric damage and in its most advanced stages leads to atrophy of the ONH [1] [2] [3] [4] [5] . Various diagnostic instruments have been used for evaluating RNFL thickness (RNFLt) and the morphometry of the ONH. Optic Coherence Tomography (OCT) and the Heidelberg Retina Tomograph (HRT; Heidelberg Engineering GMBH, Heidelberg, Germany) are the most used systems.
OCT is a high resolution imaging technique that permits direct measurement of retinal thickness [2] and monitoring treatment in retinal pathology. Numerous studies have shown a good correlation between RNFLt measured with this technique and that calculated on histological preparations [3] .
The HRT is a confocal laser system that acquires threedimensional topographic images of the ONH and the peripapillary area [4, 5] . Moorfields Regression Analysis (MRA) and Glaucoma Probability Score (GPS) are able to distinguish normal from glaucomatous eyes with a good diagnostic precision [6] .
Numerous studies have been carried out for calculating the degree of correlation between RNFLt obtained with the first generation "Time Domain" OCT and ONH parameters calculated by HRT [7] [8] [9] [10] [11] . In recent years OCT has greatly developed with the introduction of the "spectral domain" technique for acquiring images. The spectral domain OCT system has a greater resolution power, allowing a more accurate analysis of anatomical structures which do not always agree with the information obtained with the time domain OCT [12] [13] [14] . One of the latest spectral domain OCT tools is the iVue OCT which has shown its value in the study of numerous retinal pathologies and in glaucoma.
The aim of this study was to assess agreement among HRT MRA and HRT GPS and RNFLt measurement with the iVue OCT in ocular hypertension (OH) and primary open angle glaucoma (POAG) patients.
Material and Methods
This was a prospectively cross-sectional study. The research followed the tenets of the Declaration of Helsinki and informed consent was obtained from all the patients included.
Patients were recruited from the clinics of one glaucoma specialist (AP), and they were not excluded on the basis of sex, age, or race. Seventy-two eyes of 40 patients were included in this study [15] . All the eyes were classified as OH or POAG. OH patients had a normal VF, ophthalmoscopically normal ONH, and an intraocular pressure (IOP) greater than 21 mmHg without therapy measured by i-Care tonometry [16] , while POAG patients had abnormal VF with corresponding ONH damage by ophthalmoscopy and an IOP greater than 21 mmHg without therapy.
All patients had carried out a two-phase white on white dynamic strategy perimetry Octopus 1-2-3 Program G1X [17] . Mean Defect (MD) and Loss Variance (LV) values were taken to distinguish the visual fields between normal and pathological. After any phase all patients had performed IOP measurement to evaluate any IOP changes [18] . Visual fields with MD values between +2 dB and −2 dB and LV between 0 and 6 dB 2 were considered normal and those with MD < −2 dB and LV > 6 dB 2 were considered pathological. None of the patients had a MD > −10 dB and a LV > 10 dB 2 . The entire group was then divided into two subgroups based on the VF classification: normal VF subgroup and abnormal VF subgroup.
Each included eye underwent ONH analysis by HRT III and the RNFLt assessment by iVue OCT. The imaging examinations were performed on the same day, while the perimetric test was performed within 7 days.
iVue OCT.
The ONH protocol of iVue OCT consists of 12 radial scans of 3.4 mm in length (452 A scans each) and 6 concentric ring scans ranging from 2.5 to 4.0 mm in diameter (587 to 775 A scans each), all centred on the optic disc. All the images were reprocessed with three-dimensional/video baseline. ONH parameters measured by the software included optic disc area, optic cup area, neuroretinal rim area, nerve head volume, cup volume, rim volume, cup-disc area ratio, horizontal cup-disc ratio, and vertical cup-disc ratio. The ONH protocol also generates a polar RNFL thickness map, measured along a circle 3.45 mm in diameter centred on the optic disc. It gives the average RNFLt in the temporal, superior, nasal, and inferior quadrants as well as the overall average along the entire measurement circle [19] .
The software automatically calculates the disc margins, along the six radial scans, and uses an algorithm to automatically differentiate the microstructures of the retina that form part of the same RNFL [20, 21] . This automated computer algorithm separates the anterior and posterior margins of the identifying reflection group of the RNFL [22] , making it possible to quantify thickness. These measurements can be compared with a database included in the iVue OCT.
HRT.
HRT is able to scan the retinal and optic nerve area surface at multiple consecutive parallel focal planes. These parameters have been shown to have a good sensitivity and specificity to detect glaucomatous ONH changes [23, 24] .
However, there are 2 weak points in the HRT methodology: the reference plane and the contour line [25, 26] that are related to the capacity of the operator to detect the right size of the peripapillary area to be analyzed. The results obtained can be processed by several methods of analysis. One of the most used and significant is the MRA which has an extensive and specific database for various ethnic groups. It is formed of 948 eyes of which 733 belonged to Caucasians and 215 to blacks. In order to increase the diagnostic capacity of HRT, in 2000 Swindale et al. [27] published a new method to analyze ONHs without using a contour line by evaluating the shape of the ganglion cells when they cross the scleral canal. A good sensitivity and specificity was obtained and recently this new method called Glaucoma Probability Score (GPS) was applied to the HRT III [14] .
For every single imaging test the values of the different quadrants were assessed; in particular the inferotemporal
, and temporal (T) ONH and RNFLt were considered. Furthermore, for MRA and GPS, a global (GLOBAL) index was calculated.
Statistical Analysis.
In our study the percentages of concordance (n-n; b-b; a-a), relative concordance (n-b; b-a), and discordance (a-n) obtained with the different methods were calculated in relation to the VF damage classification (normal or abnormal VF). For the three devices six different sectors were considered, while for HRT MRA and GPS global indices were also considered.
Kappa statistic ( ) was used to study the agreement among the 3 different methods (MRA and GPS for HRT and OHN protocol for iVue) and between the methods. measures the change-corrected agreement on a scale of −1.0 to 1.0, with 1.0 indicating perfect agreement. We used the indications suggested by Landis and Koch: 's of 0.0 or less were considered to indicate poor; 0.0 to 0.2, slight; 0.21 to 0.4, fair; 0.41 to 0.6, moderate; 0.61 to 0.8, substantial; and 0.81 to 1, almost perfect agreement. In analysis only the agreement between normality and abnormality for the different methods was considered.
Results
On the basis of the results of VF examination, 72 eyes were recruited in the study and in particular 54 eyes had normal achromatic perimetry (MD between +2 and −2 dB and LV between 0 and 6 dB 2 ) and 18 had visual field damage. Refractive error was −2.3 ± 3.2 diopters. Besides in the subgroup with normal VF the mean MD was 0.08 ± 0.98 dB and LV was 2.2 ± 0.93, while in the subgroup with abnormal VF the mean MD was −5.85 ± 5.82 dB and LV was 5.87 ± 2.39. In the normal VF group the global index of HRT III classified 63% subjects as normal by using MRA and 28.5% by GPS, and borderline results were 24% and 28.5%, respectively, and abnormal results 11% and 41%, respectively, while in the glaucoma VF damage group, percentages were, respectively, 16.6% and 33.3% for normal, 27.7% and 33.3% for borderline, and 55.5% and 33.3% for abnormal. Tables 1 and 2 show the percentage of concordance, relative concordance, and discordance for each single sector and globally (only HRT) among MRA, GPS, and iVue in patients with normal VF (Table 1 ) and abnormal VF (Table 2) .
When iVue OCT and GPS data were compared, the statistic indicated in the eyes with abnormal VF a good agreement especially of the inferotemporal quadrant ( : 0.555), while a low agreement was indicated for all the other sectors considered both in patients with normal and in patients with altered VF (Table 3) . When GPS and MRA data were compared, the statistic showed a good agreement in the global analysis ( : 0.511). The agreement was more significant in the inferotemporal ( : 0.618), inferonasal ( : 0.527), and superonasal ( : 0.519) quadrants. This result was confirmed also in the normal VF (Table 4) . When iVue and MRA data were compared, there was a good agreement in the superonasal ( : 0.656) and nasal ( : 0.627) quadrants followed by the superotemporal ( : 0.602) and inferotemporal ( : 0.585) sectors. When the normal VF subgroup was considered, it was found that the superonasal quadrant had the highest agreement ( : 0.845) followed by the nasal quadrant ( : 0.843), while when the abnormal VF subgroup was considered, a moderate significance was shown in the inferotemporal ( : 0.545) and superotemporal ( : 0.607) quadrants (Table 5 ).
Discussion
Glaucoma is an optic neuropathy characterized by specific and progressive ONH and RNFL damage. Consequently the ability to identify these alterations at the earliest possible stage is fundamental to start the treatment and to decrease the loss of ganglion cells which could carry to the atrophy of the ONH with functional loss and serious visual disability [1] [2] [3] [4] .
It is well known how time domain OCT appears to be highly sensitive and specific in identifying anatomic damage in the presence of manifest VF damage [8] [9] [10] [11] 28 ] and these results were subsequently confirmed by studies done with spectral domain OCT [29] [30] [31] .
The aim of our study was to determine if the parameters provided by a new instrument, a spectral domain OCT (iVue OCT), were in agreement, and to what extent, with those provided by the HRT III, more specifically with the GPS and with the MRA, in eyes with OH and/or glaucoma, both in the presence and in the absence of perimetric damage.
The comparison between iVue and GPS, two automatic methods of classification of the anatomical ONH and peripapillary RNFL damage, did not show a satisfactory agreement except for the inferotemporal ( : 0.555) quadrant and only in eyes with an abnormal VF.
The comparison between GPS and MRA showed a good agreement in all the eyes examined, both those with normal VF and those with altered VF ( : 0.511). In the abnormal VF subgroup this result increased ( : 0.782) and the inferotemporal sector had the highest agreement ( : 0.792). Similarly in the normal VF subgroup, the agreement between GPS and MRA was not significant when considered globally ( : 0.391) but became significant when the inferotemporal ( : 0.516) quadrant was considered. In the abnormal VF subgroup, better agreement was found between GPS and MRA outlining that GPS had similar sensitivity and specificity to MRA. This result is different from those of other studies in which MRA and linear regression analysis had higher ROC curves than GPS. In this study we did not evaluate the diagnostic capacity but only if the classification was similar and for this reason we probably obtained better results because no healthy normal subjects were included where usually GPS has a low specificity.
When the agreement between iVue OCT and MRA was considered, it was significant in eyes both with normal and with abnormal VF especially in the superonasal ( : 0.656), nasal ( : 0.627), and inferotemporal ( : 0.585) quadrants. This tendency was confirmed in an analysis of eyes with both a normal and with an abnormal VF, even if in the latter the agreement was less significant.
Finally the agreement was good in the superonasal and nasal quadrant probably because these areas are the last to be involved in glaucoma, while the inferotemporal is the first to change.
In conclusion, the automatic methods of ONH analysis by GPS and peripapillary RNFL with the ONH protocol of the iVue OCT offer interesting application ideas but appear to have little agreement with one another. This weakness mainly regards eyes with a normal VF, where evidence of early anatomical damage is certainly of greatest interest. Moreover, our results suggest that the measurement of the RNFL using the HRT III and the iVue OCT is not interchangeable with the automatic methods (GPS), outlining that the computerized devices are able to analyze different anatomical structures. It has not yet been determined how useful and reliable these new objective techniques are for measuring anatomical damage when it comes to evaluating the progression of glaucoma over time. This is still the main goal to pursue in order to preserve good sight and consequently an acceptable quality of life for glaucoma patients. 
